odors of two Elastema species.
The purpose of this study was to investigate and compare the essential oil contents and chemical compositions of two Elastema species. To the best of our knowledge, an investigation of the essential oil of Elastema species (E. laetevirens and E. umbellatum var. majus) has not been reported to date.
EXPERIMENTAL

1
E. laetevirens and E. umbellatum var. majus were obtained from Yamagata in Japan in April 2008.
2
Ethyl acetate, nonanal, (2E,4E)-nonadienal, (2E)-nonenal, methyl salicylate, b-caryophyllene, palmitic acid, phytol, linoleic acid and linolenic acid purchased from Sigma Aldrich (Tokyo, Japan).
3
Fresh plants materials (1 kg: whole aerial parts) from all individual samples were subjected to hydrodistillation for 2 h using a Likens-Nickerson-type apparatus. The obtained essential oils were dried over anhydrous sodium sulphate and diethylether dilution of each one was used for GC and GC-MS measurements.
The yields of oils were as follows: E. laetevirens 16.0 mg (0.0016%); E. umbellatum var. majus 18.0 mg (0.0018%).
4
GC was carried out with an Agilent Technologies 6890 chromatograph equipped with flame ionization detector on a capillary column (HP-5, 30 m 0.25 mm i.d., film thickness 0.25 mm). The column temperature was programmed from 40 to 260 at 4 /min and held at 260 for 5 min. The injector and detector temperature were 270 and 280 . The flow rate of the carrier gas (helium) was 1.8 mL/min. Peak areas were quantified using a computer integrater.
5
GC-MS was carried out with an Agilent Technologies 6890-Agilent Technologies 5973A. GC condition was equipped on two capillary columns (HP-5MS, 30 m 0.25 mm i.d., film thickness 0.25 mm and DB-WAX, 15 m 0.25 mm i.d., film thickness 0.25 mm). On HP-5MS, The column temperature was programmed from 40 to 260 at 4 / min and held at 260 for 5 min. On DB-WAX, the column temperature was programmed from 40 to 240 at 4 / min and held at 240 for 5 min. The injector and detector temperature were 270 and 280 . The flow rate of the carrier gas (helium) was 1.8 mL/min with the actual temperature in the MS source reaching approximately 230 and the ionization voltage 70 eV. Acquisition mass range was 39-450 amu.
6
GC-MS/O was carried out with an Agilent Technologies 6890-Agilent Technologies 5973A/Olfactory Detection port 2. GC condition was equipped on a capillary column (HP-5MS, 30 m 0.25 mm i.d., film thickness 0.25 mm). The column temperature was programmed from 40 to 260 at 4 /min and held at 260 for 5 min. The injector and detector temperature were 270 and 280 . The flow rate of the carrier gas (helium) was 1.8 mL/min with the actual temperature in the MS source reaching approximately 230 and the ionization voltage 70 eV. Acquisition mass range was 39-450 amu. The Chemistation software acquired two channel signals simultaneously, one channel for MS, and other channel from the olfactometer signal board. A signal sniffer, the author, recorded the character manually.
7
The flavor dilution (FD)-factor of the odorants in the essential oil was determined by AEDA of the following dilution series. The highest dilution was defined as FD-factor 1 (2.5 mg/mL). The oil was stepwise diluted (1+1, v/v) by addition of diethyl ether. Aliquots were then analyzed by GC-MS/O on the capillary column HP-5MS. The highest dilution at which an individual component could be detected was defined as the FD-factor for that odorant.
8
Identification of the individual components was based on: (i) comparison of their GC-MS retention indices (RI) on apolar and polar columns determined relative to the retention times of a series of n-alkanes (C 8 -C 29 ) with those of authentic compounds or literature date 12) .; (ii) computer matching with commercial mass spectral libraries 13) and comparison of spectra with literature date 14) .
9
The quantitative analysis was performed on the basis of calibration curves for ethyl acetate (peak number 2), nonanal (peak number 19), (2E,4E)-nonadienal (peak number 22), (2E)-nonenal (peak number 23), methyl salicylate (peak number 25), palmitic acid (peak number 72), phytol (peak number 75), linoleic acid (peak number 77) and linoleic acid (peak number 78) within the concentration range 0.5-1000 mg/mL.
Because of the lack of proper standard, an assumption was made that a component's physical and chemical properties are similar to those for the closet possessed standard: b-caryophyllene for g -himachalene (peak number 43);
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phytol (peak number 75) for neophytadiene (peak number 65) and hexahydrofarnesyl acetone (peak number 66).
RESULT AND DISCUSSION
The essential oils collected by steam distillation from the aerial parts of E. laetevirens and E. umbellatum var. majus were obtained in yields of 0.0016% and 0.0018% (w/w), respectively. Distinct qualitative and quantitative differences were observed in the oils studied. Gas chromatograms of these oils showed the presence of 88 compounds ( ). As a result, 79 compounds of E. laetevirens and 80 compounds of E. umbellatum var. majus, accounting for 95.41% and 98.37%, were identified, respectively. The classification of the oils on the basis of structure type is summarized in . E. laetevirens is characterized by a high content of terpenoids, whereas E. umbellatum var. majus possessed a higher aliphatic and aromatics compounds level. To put it in perspective terpenoids section, E. laetevirens and E. umbellatum var. majus oils are similar on the basis of essential oil composition; diterpenes were the main constituents of the oils. On the other hand, to put it in perspective aliphatic section, E. laetevirens oil is characterized by a high content of aldehydes, whereas E. umbellatum var. majus oil possessed a higher acids level. The essential oil of Elatostema species supported the distinction between E. laetevirens and E. umbellatum var. majus, which contained different essential oil components. The quantification of the main components of the essential oil from E. laetevirens and E. umbellatum var. majus was shown in . The main components of the essential oil from E. laetevirens were phytol (667.4 mg/100 g fresh samples), neophytadiene (335.2 mg), ghimachalene (49.8 mg), ethyl acetate (39.2 mg) and hexahydrofarnesyl acetone (37.9 mg). On the other hand, E. umbellatum var. majus oil contained phytol (402.3 mg), linoleic acid (289.4 mg), palmitic acid (241.4 mg), methyl salicylate (150.5 mg) and neophytadiene (111.8 mg) as the major components.
The aroma-active compounds of the essential oils from E. laetevirens and E. umbellatum var. majus were identified by GC-MS/O and AEDA. A shown in , 23 compounds was identified from E. laetevirens oil as aromaactive compounds. The most strongly aroma compound, (2E)-hexenal (green odor, FD=64) played an important role in the characteristic aroma of E. laetevirens. The other strong aroma compounds, heptanal (green odor, FD=8), linalool (floral odor, FD=8), 4-vinyl-o-guaiacol (medicinal odor, FD=8) and C-9 aldehydes group, such as nonanal (aldehydic odor, FD=2), (2E)-noenal (green odor, FD=2) and (2E, 4E)-nonadienal (fatty odor, FD=16), concerned with aroma of the oil. It seems that these components make the green-floral odor of E. laetevirens. On the other hand, 16 compounds were identified from E. umbellatum var. majus oil as aroma-active compounds. C-6 Aldehydes, such as (2E)-hexenal (FD=32) and (3Z)-hexenol (FD=16), was the most potent odorant of E. umbellatum var. majus. The other strong aroma compounds, 1-octen-3-ol (earthy odor, FD=16) and 4-vinyl-o-guaiacol (medicinal odor, FD=8) concerned with aroma of the oil. It seems that these components make the green-oily odor of E. umbellatum var. majus. Comparing two Elatostema species aroma, the most strongly aroma compound was (2E)-hexenal on two Elatostema species. Addition, C-9 aldehydes group played an important role in the characteristic aroma of E. laetevirens. So, E. laetevirens is more flavor than E. umbellatum var. majus. 
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